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ABSTRACT;  Polymer  blends  were  msde  by  mixing  the  aso  polymers  poly|4'-((2-(sctyloylozy)eUiyl]- 
ethylsiniaol-4-iiitroezobenzenei  (PDRlA),  poly{4'-([2-(methseTyloylozy)ethyl]ethylaiiiiiiio]-4-iiitn»sobenscfw| 
(PDRIM),  and  poly(4'>(  (2-(scrjdoylosy)ethyl]ethylsmino}-S<hloro-4*nitroaobn>aHM)  (PDRUA)  with  some 
common  polymers:  poly(methyl  methscryUte)  (PMMA),  poljntyrene  (PS),  and  polycarboiiate  (PC), 
(^mpatibility  studies  of  these  binary  blends  were  carried  out  by  differentia)  calorimatiy  and  sotid- 

stateNMR.  Moat  of  tl»a  aso  polymer  blends  are  not  compatible,  including  PDR1A/PC>PIWUM/PC,PDR13A/ 

PC,  PDRIM/PS.  PDR1SA/P8.  and  PDR13A/PMMA  blends.  The  compatibffity  of  the  PDRIA/FS  bland 
could  not  be  determined.  ForPDRlA/PMMAandPDRtld/PMMAblends,D6Caaaaaraaaoatasliowodaaly 
one  glass  transition  temperature  for  eadi  blend.  The  ble:^  ware  ftjrthar  anabaad  attibo  ignai 

by  CP'MAS  NMR  relaxation.  Ibe  slow-evaporated  PDRIA/PMMA  blend  sample  rftnariil  ts*o  aqmiatad 
TwCH)  values,  suggesting  phase  separation  at  the  level  of  a  few  angstrama.  Hosiaser,coavatiliQityooidd 
be  achieved  by  heati^  the  akrweyaporatedUend  above  110  *C.  ThePMUA/PmiAai^PIUUlf/PliaiA 
blends  made  ^  precipitation  isefc  methanol  are  also  compatible.  Tim  bien&  which  are  hoaaotanaoaa  at  tfte  taw 

molecular  level  are  suitahle  for  optical  storage  atudiaa. 


Introduction 

Azo  polymers  have  many  special  properties.*  In  the 
search  for  new  materials  for  optical  applications,  such  as 
reversible  optical  storage  and  nonlinear  optical  devicaa, 
azo  polymers  have  attracted  much  attention*^  Polymers 
with  low  azo  concentrations  are  particularly  useful  The 
writting  and  erasing  efficiency  d^wnds  on  the  energy  iiqMit 
from  the  irradiation  light  during  the  process.  In  principle, 
lower  energies  would  be  required  to  induce  local  variations 
of  optical  properties  in  polymers  with  low  azo  concen¬ 
trations. 

In  order  to  dilute  the  azo  omtent  in  polymer  materials, 
copolymers*  and  polymer  blends  are  made.  It  is  known 
that  polymers  with  high  glass  transition  temperatures  have 
better  long  term  stability  of  the  writing  information  than 
polymers  with  low  Polymer  materials  with  diluted 
azo  content  can  be  designed  to  have  higher  glass  transition 
temperatuiethanthoseoftheazohomopolymera.  Another 
advantage  is  that  cheap  materials  can  be  obtained  bnm 
mixing  the  azo  polymers  with  some  ocmventional  polymers. 

The  study  of  compatibility  in  polymer  blends  is  an  area 
of  practical  importance  because  the  degree  of  mixing  and 
aoUd-state  phase  structure  of  a  blend  govern  its  physical 
and chemiml properties.  Inthecaseofwritinganderasing 
information  on  azo  polymv  Mends,  aoocptaMe  reaMutioDs 
canbeaduevedon^onlMmogeiieaus'materiala.*  When 
the  azo  pofymers  are  diluted  with  some  optically  inert 
materials,  it  is  necessary  that  the  Mends  be  omnpatible  at 
the  molecular  level  to  ensure  the  homogeneity  of  the 
material  for  optical  studies.  Dumont  etaL  used  some  azo 
polymer  blends  to  study  the  pbotoisomerization  of  the 
azo  group.'*  The  blends  were  made  by  mixing  MMA-azo 
copolymers  with  PMMA  in  order  to  get  a  certain  optical 
density  and  thickness.  No  inhomogeneities  were  reported. 
This  suggests  that  these  azo  polymer  blends  may  be 
compatible. 

It  is  well  known  that  the  intimacy  level  of  the  compo¬ 
nents  of  a  blend  appears  to  be  dependent  on  the  method 

*  Queea's  Univetsity. 

*  Royal  MQitaiy  CoUaga. 

*  Abstract  pubUahad  ia  Advance  ACS  Abstracts,  Xxxxzxzxx  YY, 
7777. 

0024-9297/zz/220(M)OOl$04.50/0 


of  measurement  empbyed  in  the  *v*"«"**^  In  this 
paper  the  cmnpatiMlity  the  azo  polymer  Maoids  is 
studied  by  a  oombinatkm  of  differeirtaal  aramiing  calo¬ 
rimetry  (DSO  and  solid-state  high  naohition  **C-NMR 
spectroscopy. 

DSC  has  been  widely  used  to  study  nuBcibiltty  in  polymer 
blends.  The  detectioo  of  a  single  glass  transition  t«D- 
peratuze,  is  genually  eonsidered  as  evidence  of 
compatibility.  However,  DSC  is  only  sensitive  to  phase 
sizes  greater  than  about  10  nm.** 

The  *%7oea-poiarization  and  magic  angle  spinning  (CP- 
MAS)  solid-state  NMR  tedmique  ^ers  an  unique  insist 
into  the  molecular  phase  structurs  and  moMHty  of 
amorphous  polymers.  The  parameter  used  to 
the  blends  is  Ti«(*H),  the  proton  spin  lattice  relaxation 
time  constant  in  the  rotating  frame.**  As  a  criterion  fw 
miscibility,  it  is  aupwior  to  Tg  measurements  sinoe  itcan 
be  sensitive  to  fdiM  sizes  at  levels  of  a  few  angstroms. 
Ti,0H)  measures  the  efficiency  of  spin  diffiision  in  a 
sample  and  depends  on  interproton  distance  and  on  the 
spectral  density  at  the  obsmvation  frequency.  Strong 
hom<»ucleardii>olar  interaction  between  protons  nanaOty 
average  the  value  of  T]/*H)  for  aO  theprotona  in  a  samp^ 
When  the  components  of  the  blends  have  two  w^- 
sq)atatedri^(*H)vahies,ll>spi«sencnofacomiwf|^ 
(*H)intheirMendimpli*aftat.thaMmpJeisliomotBBaoos 
in  the  coherence  scale  of  a  few  angstroms  depanmng  on 
the  value  of  T|^(*ID.  Thoefeie,  Tj^OfO  i>  used  to 
distinguish  betvreen  Mends  that  are  intimatdy  mixed  and 
those  that  are  noC  It  has  been  successfully  used  to  probe 
molecular  mixing  in  nuuqr  polymer  blends.** 

.The  present  work  is  also  apui  of  the  investigation  of 
the  azo  polymers  for  optical  applications  such  as  infor¬ 
mation  storage.  The  cptical  properties  of  the  blends  will 
be  reported  in  a  forthcoming  psq>er.* 

Experimental  Section 

Materials.  Azo  polymer  blends  were  synthesized  by  aixiBg 
Ute  azo  polymers  pdyH'-([2-(aciy)oylozy)ethyl]eCliylaBunol-4- 
nitroezobenzene)  (PDRlA),  palyHMI2-(nwtliaciy)oykay)etM]- 
ethylainino]-4-nitroezoheiizensl  (PDRlM),  and  pobit'-Kt- 
(acryloyloxy)ethylletliylaaainol->-dJore-4-Bitrosiol>eessnel 
(PDR13A)  with  aoeM  coBventicnal  pdymers:  potyfmethyl 
methacrjdate)  (PMMA),  polystyrena  (PS),  and  polyairbanate 
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Table  1.  GlaaaTnaaitlaiTnwaeatanaedthoAao 


_ PC _ P8 _ PUMA 

PI»UA  9eaBdl4S  U0  .  JM 

PDRISA  90Mdl40  ttaadlM  ^mdWI 
PDRIM  maadm  .  UOoainD  Mi. 

aince  they  an  equivaloBt.  For  moot  cfthoeaiiipla,rt,(*H)  was 
meaaund  uaing  a  pulae  eogMenco  with  a  90*  *H  pain  of  A7  pa, 
afixed  contact  time  of  2me.a^ioiaqfeladriayhrtwiiBpidiM, 
andavariablodelayfroaOJitoiOaa.  ABiportawanaeoBhad 
for  atom  than  1000  aeana.  The  **C  chemhaJ  ahill  aataa  wan 
nfenncad  accofding  to  the  **C  «aclia  of  tto  hooMpolyaon  IB 
CDQ(  aolutioB.^  The  In(poak  mtaneitiaa)  of  difhioait  oarina 
■icnab  wen  plotted  aa  a  Amctioa  of  dalay  thaa  The  TippH) 
eduee  wen  obtained  from  the  negatin  lacjpronl  of  Maalcpa. 


(PC).  Hm  etructuna  and  the  flan  tranaition  tonperatuna  of 
the  used  an  liated  in  Scheme  1  for  axo  polymen  and 

Scheme  2  for  the  other  polymers.  Monomen  and  hoiiu^x>lyiiien 
PDRIA,  PDRIM,  and  PDR13A  wen  pnpered  n  described  in 
previoua  publicationa.*  PMMA  (Aldrich,  madhan  molecular 
wei^t),  re,  and  PC  (Aldrich)  wen  used  as  reoehred. 

Polymer  Uenda  wen  obtained  by  niiaing  aohitions  of  the 
polymn  pain  in  hot  THF  with  stirrinf,  foDowed  by  alow 
evaporation  in  beakers.  This  low  evaporatioa  method  is  also 
uaod  in  prqtarinf  thin  fihns  for  optical  studies.  Fiflyperoentby 
wriffat  amounts  of  the  aso  potymen  were  used  for  blends  with 
PC,  PS,  and  PMMA  for  initial  thermal  analyain 

On  the  other  hand,  12.5, 25, 37.5, 50. 62.6, 76,  and  87.6  mol  % 
PDRIA/PMMA  blends  wen  pnpared  by  prndpttatiaa  of  THF 
aohitiotwintomothanoL  After filbataon, the pce^atatodsampln 
were  dried  in  vacuum  for  several  days  at  ~i0  *C  previous  to 
thenBaltestsandCP-MAS**(^NMRanalysis.  Tbooompoaitioo 
of  ana  of  the  precipitated  blends  (50%)  was  dmcked  Iv  NMR 
opoctraseopy  in  CDCb.  The  rsault  showed  no  chonfs  in  the 
cornpoaition  after  precq>itatiaii. 

Aaalyria.  Theism  transition  temperattbe,tyWasmaaa«r^ 
using  differential  calorimetry  on  a  listtlar  TASOOO 

aystom  at  a  scanning  rate  of  20  *C/min.  In  osdar  to  ssmbo 
reprodoeifaility,  samples  wen  subjected  to  at  leant  ffuee  haotiBg 
scans  in  auccnaaion  over  the  temporatun  ranges  40-160  *C.  T. 
was  tokan  as  tte  peak  of  the  first  derivative  curve  of  the  seeosid 
or  third  heating  scan.  The  flam  transition  temperatures  of  ^ 
hmnopolymers  used  are  Ust^  in  Scbemea  1  and  2  together  with 
t^  structures. 

The  **C  s(did-state  NMR  meosuremenU  were  made  on  Bruker 
CXP-200  instrument  operating  at  200.044446  and  50  J07  MHz 
for  >H  and  **C  NMR,  respectively.  The  “C  spectra  were  collected 
using  the  methods  of  crosS'P<darization,  magic  angle  spinning, 
and  dipolar  decoupling  (CP-MAS/DD).  Two  pulse  sequencm 
have  b^  developed  to  measure  the  proton  spin  ktticsrelwtidn 
time  eonatont  in  the  rotating  frame  Tiff^H)  by  (7-MAS  NMR.** 
One  ineladea  a  variable  contact  (CP)  tfrne,  while  the  other  usm 
avariabledol^foilowedbyafixedcontaettboBSL  Forthepolymsn 
we  tested,  the  T|«(>H)  values  areshorter  than  their  correaponding 
7V,(>*Oraluaa.’*  Hence, srecanapplyeitherofthetwosequeaom 


Results  and  DiaeoMloa 

Thermal  Ajialysia.  DSC  maasuramenta  of  the  ho¬ 
mopolymers  shosrad  only  the  glaos  transitMmlanpsratures 
and  no  other  Mithalpy  changes  befoew  dnoomBaritioa.  All 
the  polymers  and  blends  used  in  thiaatiidlywwainonihw 
as  confirmed  by  polarized  mkrasoopy. 

Two  well-separated  glass  tnnaftkn  tanpscatam  were 
obeerved  for  PDRlA/Pa  PDRUVPC;  FDRUA/PC, 
PDRIM/PS,  PDR13A/PS,  and  PDRISA/PMMA  blende 
Tha  two  temperaturea  for  eadi  bland  were  dost  to  the 
values  of  the  two  correaponding  bomcpolyinms.  ThaDSfj 
results  indicate  that  these  Mends  are  ineoinpctible, 
therefore  no  further  teats  wsre  esnisd  ool.  Tbs  DSC 
tesuha  for  the  Mends  tested  are  Bslad  in  ThHa  1. 

PDRlA/PMMA,  PDRIA/PS,  and  PDRlM/PMMA 
blends  show  on^  ons  A.an|||6j,^S9  trsnritinn 
tempersture  msy  be  sn  Indicstidia  6f  wlsrilmto  si  the 
level  of  about  10  BB.  ftiwossr,^  dtthierieeshelween 
the  glass  transitkn  tes^toaturss  of  Bis  compansnt 
po^rmert  are  leas  than  90  *C>'  %  tiieas  essfi^  Bis  ah^ 
Tf  may  be  a  result  of  the  poor  xssohitfsn  of  the 
andysis. 

studies  show  that  the  EDRlA/PlfMA  Mends 
possess  a  single  T(  at  any  oouqKmtksi.  TlieDSCdataof 
the  series  of  blends  is  plotted  as  a  ftmetian  of  weight 
firaction  of  PMMA  in  the  Mends  in  Figure  L  In  order  to 
study  the  broadening  of  the  T,  range,  we  measured 
and  T|.i  values  at  the  half  height  of  the  fiiat  derivative 
curves  as  shown  in  Figure  2.  lie  and  values  are 
also  plotted  in  Figure  1.  The  T,  transitioDB  an  broader 
for  t^  blends  thui  for  the  bumopotynMrs.  In  fimt,  the 
^asB  transition  curves  of  the  Mends  cover  the  range  of  T, 
of  both  PMMA  (110  'C)  and  PDRIA  (91  *0.  This 
broadening  of  the  T,  transition  is  known  not  only  for 
incompatible  blends  but  also  for  compatible  blends.** 
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FiciueZ.  DSC  curve  (rifht)  and  flritd«rivatm(l«ft)  of  PMMA. 
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Ffcluv  y  CP-MAS  'K^NMR  ipectruni  of  50  mol  %  PDRIA/ 
PMMA  htend  prepared  by  predpitation  mothod. 

Therefore  it  ia  difficult  to  tell  whether  the  PDRIA/PMMA 
blwid*  are  oompetible  or  not  from  the  DSC. 

NMRRelezatloBStadiee.  For  Ti^CH)  to  be  used  aa 
a  criterion  of  miadbility,  the  componmOa  the  pdymer 
blende  have  to  have  two  aepant^  Ti/*!!)  values.  The 
blende  can  then  have  two  Tut'H)  valueo  eimQar  to  those 
oi  the  two  cennponents  when  the  two  enaapooenta  form 
separate  phases,  or  just  one  Ti^OH)  wha  ^  blends  are 
miscible.  In  the  case  of  PDRlA/ra  blead,  the 
vahaea  of  PS  ad  PDRIA  are  7  and  6  OBi^  iaapaeli««(r>** 
Thqr  are  too  doae  to  be  distingiuBhed^fhe  blende.  We 
found  that  PMMA  has  a  T^OH)  vahiam  16  ms,  wiiidi  is 
quite  differat  from  that  of  PDRlA  (10  aae).  Theiefote, 
PDRIA/PMMA  blends  were  invealigBlM  ^  NMR 

Rgure  3  presents  a  typical  (7P-MAS  *K!-NMRapect>um 
of  a  PDRIA/PMMA  Mend  (50  mol  «)  toiether  with  the 
assifnmata.  There  are  some  resonancee  fa  the  spectrum 
of  the  pdymer  blend  that  come  frmn  only  one  component, 
the  aromatic  carbons  of  PDRIA.  Sfauds  from  PMMA 
alone  are  not  available.  For  each  rmolvaUe  signal  the 
Tu(*H)  values  were  measured. 

Figure  4  shows  the  magnetization  for  signal  3  (from 
PDRIA  only)  and  signal  7  (from  both  PMMA  ad  PDRIA) 
as  a  function  of  delay  time  for  the  siowH»vmK»ated  sample. 
The  T|^(^H)  results  are  listed  in  Table  2  for  blends  and 
homopolymers. 

Two  differat  T]^(*H)  values  (9  ms  for  PDRIA  and  13 
ms  for  the  overlapped  signals)  were  obtained  tnm  the 
qiiectra  of  the  slow-evaporated  blend  sample  (50  wt  %  of 
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contact  TMIC 

Figure  4.  Plot  of  InCintensity)  as  a  Amettoe  ef  delay  time  for 
aig^  3  and  7  shown  in  Figim  3. 

Table  2.  ri,('B)  Valaos  (sw)  OakulsSad  frees  the  Signals 
Shewn  lnFlgB«e2ibrPIDill[,fl)RlA,aBiThefrBleude 
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sad  then  heated  shove  T. 

blewd-piedpiuted 

9 

7 

7 

8 

9 

8 

PDRIA).  This  may  indicstephasese|isgatk»fathis  blend. 
Because  of  this  preparatfan  metho^'tiwaaaqiie  could  not 
be  dried  very  wriL  THF  sohrasit  peaks  ware,  deariy 
presat^  fa  the  spectra  (two  peaks  at  about  30  and  70  ^ 
ppm).  The  Uend  was  tha  haatsd  alMwa  the  ^ass 
transition  temperature  (110  *C)  fa  the  rater  tut  ab^  1 
h  under  spinning  and  tbra  tested  again.  Hie  spectrum 
showed  that  the  blend  was  now  dry.  This  tame,  similar 
TuCH)  values  were  obtained  from  all  annals,  as  listed  in 
Tabled,  which  indicated  that  Ihehieisdherame compatible 
afterheating.  Tbephaseseparatiafatheslow-evaporated 
Mend  sample  may  be  due  to  the  presasirecfaolvat,  or  the 
presence  of  solvat  may  genentedKEsnnt  T|p(^  values.** 
Heating  of  these  samplee  tlearlf  pnduces  compatible 
blends.  Another  sample  (50  bmI%  of  PlXtlA)  obtained 
by  fwedpitatia  was  also  aaalyBed  bgreolid-etate  NMR 
Hie  results  are  shown  fa  Table  2.  Similar  T|^H)  values 
were  also  obtained  Cor  aO  signab  in  the  Mend,  with  u 
average  value  of  about  8  am.  IheginBdiffusfandistace 
(z)  ca  tha  be  estimated  nsfag  fas  temida** 

wfam  D  is  the  qifa  &mibuR  frsiSi  Aalaigest  2>s 

in  mganic  system  for  afkaaim  SJ  X  lO^cas^/s).*  fat 
Tu(*H)  -  8  ms, a  islSX^^  Tliis maimsthat  the 
dranafa  aiae  fa  the  polyaaar  blssids  faprahshfa  Isos  thu 
3  nni  and  the  PDRIA^MMA  pciyinsr  Hands  are  cobs>. 
patiMe  at  levd.  •  » 

The  compatibility  of  die  PDRIM/PMMA  Mend  was 
also  cbeck^  by  soU-state  NMR  Hie  sample  with  50 
mol  %  PDRlM  was  precipitated  from  a  noosMvat 
(methuol)  ad  then  heated  above  die  ^am  transition 
temperature  (129  *0.  The  signab  showed  a  cosistent 
T|«(*H)  value  of  4  ms,  iriiidi  indicated  that  the  PDRlM/ 
PMMA  blend  b  also  compatiMe  at  the  molecular  level 
It  b  well  known  that  e^a  two  polymers  are  blended, 
the  most  likely  result  b  a  two-phase  material  as  ca  be 
predicted  from  tbennodynamics  ooneideiatioiis.**  The 
compatibility  of  various  methacrylate  and  acrylate  ho¬ 
mopolymer  blends  has  bea  analywd  fa  the  Btmture.  It 
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has  been  shown  that  the  structural  difFerenca  of  the 
a-methyl  group  is  sufficient  to  limit  monophasic  behavior 
of  the  blends.'^  Only  a  few  compatible  methacrylate  or 
acrylate  polymer  pairs  can  be  found  in  the  literature.** 
Thm  may  be  tm>  explanations  for  this  unexpected 
compatibility.  The  first  explanation  usually  invutveaeocM 
kind  of  nonbonding  interactions  which  may  be  present  in 
the  system  and  which  provide  the  driving  force  for 
compatibility.  Ion-ion,  ion-dipole,  dipole-dipole,  hyro- 
gen-bonding,  or  charge-transfer  interactions  are  known 
to  perform  this  role.  In  the  systems  presented  here  such 
interactions  are  unlikely.  Infrared  spectra  did  iMt  reveal 
any  changes  in  absorbance  bands  wUch  could  have  been 
related  to  such  interactions.  Indirect  evidence  of  weak 
interactions  can  be  given  by  chemical  shifts  in  CP-MAS 
spectra**  or  even  by  a  decrease  in  T|^(*H)  values 
for  the  two  components  due  to  a  more  efficient  x>in 
difftiskm  between  closely  interacting  components.*^  For 
these  pairs,  no  chemical  shifts  could  be  obeerved  in  the 
solid  state,  and  the  difference  in  T]^(*H)  values  of  the 
blend  (8  ms)  and  the  fastest  relaxing  oampooent  (10.5  ms 
forPDRlA)istoosmalltosuggestanyintitfadfaB.  Hence, 
with  the  available  experimental  teehniqoae,  no  evidence 
of  interaction  could  be  found.  In  terms  of  this  first 
explanation,  the  compatibility  here  could  be  considered 
an  anomaly,  as  in  the  case  of  polystyren»-poly(pben]dene 
oxide)  blends. 

The  second  explanation  would  take  into  account  the 
relatively  low  molecular  weights  of  both  PDRIA  and 
PDRIM  (ca.  10-12  structural  units).*  It  is  well  known 
that  misdbflity  can  be  greater  for  lower  molaoular  saeight 
polymers  and  oligomers,  because  the  entropic  factor  may 
still  be  important.  Hence,  in  terms  of  this  second 
explanation,  the  analysed  pairs  may  be  compatible  only 
at  these  relatively  low  molecular  weights  and  behave 
'formally”  (i.e.,  berome  incompatibile)  at  higher  molecular 
weight  This  has  still  to  be  investigated,  since  we  were  not 
successful  yet  in  preparing  higher  molecular  weight  azo 
polymers. 

In  any  case,  the  real  explanation  for  the  compatibility 
of  these  systems  is  probably  a  combination  of  these  two 
explanations:  these  are raresystems  which  are compatibile 
at  the  molecular  level  at  least  in  the  range  of  low  molecular 
weights. 

Conclusions 

Two  separated  T,  values  were  observed  for  most  ci  the 
azo  polymer  blends  tested,  except  for  the  PDRIA/PMMA, 
PDRlAyPS,  and  PDRlM/PMMA  blends. 

? 


Blends  of  PORlA/PMhlA  can  form  homogeneous  films' 
by  solution  casting  and  heating,  PDRlA/PMMA  blend 
samples  prepared  by  the  slow  evaporation  method  showed 
separated  ri^(*H)  values  which  may  iodieata  separated 
phases.  However,  bomogeiMous  polymer  blends  could  be 
obtained  by  either  heating  the  san^deo  at^  the  glass 
transition  temperature  or  ^  predpHation  into  a  nonsol- 
vent 

The  casted  and  then  heated  films  of  the  PDRIA/PMMA 
blends  are  suitable  for  use  in  the  optical  storage  ^ts.** 
The  azo  polymer  blends  with  low  azo  concentration  are 
very  interesting  because  there  is  no  optically  inert  neigh¬ 
boring  group  around  the  azo  groups.  In  fact,  the  writing 
and  erasing  results  wQl  be  compart  with  two  other  series 
of  random  copolymers  made  from  disperse  red  1  and 
methyl  methsioylate  to  study  the  effect  of  the  nearest 
neighbor  in  the  polymers.*^ 
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